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SUMMARY

As navigation, commnunications, identification, and computational sys-
tems have proliferated in modern air carrier aircraft, the tasks asso-
ciated with management of the data generated by and required by these sys-

'C- tems have steadily grown until they occupy a significant proportion of the
0 flight crew's time. Recent technological advances have mitigated the re-
* ... .. liability, power, and weight problems of electronic equipment, permitting

the design of new and much more complex systems to assist the flight crew
and prolide more efficient use of the aircraft and airspace.

The evolving character of the National Airspace System (NAS) may re-

distribute functions between the ground portion and the airborne portion

of the system. All these changes will have an effect on current cockpit
data management tasks, eliminating or automating some tasks, transferring
ta-sks to different phases of the flight, and creating additional or more
time-critical tasks.

Current~y, certification of new systems designed for retrofit into
existing aircraft is done on a case-by-case basis. While the technical
interfaces between the new and old systems are carefully examined, the
data management tasks associated with the new system may not be so rigor-
ously examined, especially when the system is being certified under the

~ '. Technical Standard Order (TSO) process.

This study was initiated in anticipation of the evolution of the NAS
and its possible effect on the data management tasks in the cockpit. The
study is not intended to develop solutions to the problems associated with
the introduction of new systems. It is designed to explore a method of
identifying systems and changes that may have an adverse effect on the
cockpit data management tasks so that limited development resources can be
directed toward those situations that really need investigation. This

___ study develops a procedure that may be used to estimate the effect of data
management for a new system on the flight crew of a current-technology

C aircraft. A scenario flight is used as a baseline, with individual crew

member and total crew action levels identified for almost 2,800 actions.
C The scenario is based on a United Airlines DC-10 flight from Denver to

Chicago.
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As an exercise to evaluate the operation of the technique, the

- effect of four new systems is estimated by modifying the baseline
scenario to reflect the tasks that would be required with the new sys-
tem. These systems were chosen to represent four different types of

-: retrofits: (1) the Microwave Landing System (MLS) is designed to replace
a current system - the Instrument Landing System (ILS); (2) the Traffic

V Alert and Collision Avoidance System (TCAS) adds a totally new capability
to the aircraft; (3) the Mode-S data link will perform existing functions
in a new way; and (4) the 4D Area Navigation System will expand the capa-
bilities of existing systems.

Each system is evaluated to determine which would appear to require
additional experimentation to define its effect on the data management
tasks in current aircraft. Of these four systems, the MLS, which is now
being implemented for straight-in approaches, appears to have little
effect. The other three systems will require further experimentation to
define their impact on cockpit data management.
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CHAPTER ONE

INTRODUCTION TO COCKPIT DATA MANAGEMENT

1.1 BACKGROUND

In the days of flying goggles, scarves, and open-cockpit airplanes,
pilots primarily used the sounds and "feel" of the plane and the positions
of the sky, ground, and horizon for control of their craft. Each sound,

* smell, sight, or tactile sensation provided them with data on the perform-
ance of the airplane and the progress of the flight.

Today's pilot, in a pressurized, air-conditioned, shirt-sleeve cock-
- ,pit environment, must depend on the same five senses for data on the per-

formance of a sophisticated, semiautomated airplane and the progress of
the flight through an immensely more complex airspace. The pilot is con-
stantly bombarded by data from many sources while being expected to ex-
change data among the aircraft and the many other parts of this complex we
call the National Airspace System (MAS). As aircraft become more complex
and airspace becomes more congested, the pilot must handle ever-increasing

v>zsof data in all phases of flight.

Aircraft manufacturers, airline operations personnel, and pilots are
* well. aware of this increasing data management task. The Federal Aviation

Administration (FAA) is keenly aware of the increased data management role
I.,. imposed on flight crews by the introduction of new systems and procedures.

Traditionally, each avionics equipment has been certified for instal-

%* lation in aircraft on a stand-alone basis. When equipment was presented
for certification in existing aircraft, it was required to meet two major

cri.teria: that it performed its intended purpose and its operation was
not hazardous to the aircraft. The integration of the equipment into

existing aircraft was largely left to the discretion of the airline or
operator, subject to relatively low-level, decentralized FAA concurrence.

Recently, the FAA has come to recognize the increased complexity of
avionic and aircraft systems. Consolidation of activities into lead
regions and designation of national resources for specified activities has
led to a centralized examination of the integration problems that come
wit'. additional or technologically advanced systems in existing aircraftK and the changing role of the pilot from an operator of relatively simple

e-



systems to a manager of sophisticated systems. In performing their role
of system certification in this changing technology, the FAA needs a pro-
cedure for assessing the expected changes in the data management tasks
resulting from the addition of new systems or replacement of existing sys-
tems in current-generation aircraft. This project is one of the early
phases of the FAA program to assess cockpit data management in the evolv-
ing Air Traffic Control System; it examines an approach to identification

* of the probable effect of aircraft system changes and an approach to
selection of those systems which should receive detailed examination to
define the characteristics of their data management tasks.

* 1.2 OBJECTIVES

The objective of this project is the formulation of a procedure that
can be used to make a gross-level assessment of the data management tasks

ft of new systems and identify the requirement for detailed examination of
the data management tasks of these systems when integrated with existing
aircraft and avionics systems.

1.3 SCOPE

* The program phase covered by this report is limited to current-
technology aircraft for development of a data base. This study is
designed to develop a method that can be used to identify potential
problems that should be examined in detail. Other phases of the program
will address the method for solving those problems.

1.4 ORGANIZATION OF THE REPORT

This report is organized into five chapters. Chapter One has pro.-
vi.ded a background of the subject. Chapter Two presents a discussion of
the study approach and describes the procedure used to identify systems
whose data management tasks require additional definition and characteri-
zation. Chapter Three describes the data base developed to support the
exercise of the procedure presented in Chapter Two. Chapter Four de-
scribes the four systems used in this study to illustrate the operation of
the evaluation procedure. Chapter Five presents the conclusions of the
study.

The Appendix presents the data collected by observers aboard United
Airlines DC-10 flights between Denver, Colorado, and Chicago, Illinois.
These data form the baseline for this study.

* 1-2
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CHAPTER TWO

STUDY APPROACH

This study is directed toward determining the effect of the adoption
of new systems on the tasks required of members of the flight crew of
current-technology air transport aircraft. It does not consider economic
factors, technological problems, nor industry acceptance of new systems.

-~ While these are all valid issues that must be considered in adoption of
any new system, this study assumes that any system seriously proposed for
operational implementation will have been shown to be technologically

* - sound, economically viable, and acceptable to the aviation industry.

with these assumptions, the study concentrated on data management
tasks performed by the flight crew and each member of the crew. To ensure
that this study accurately represents the real world of air carrier opera-

* tions, a subcontract was negotiated with the United Airlines Flight Train-
* -~ ing Center to identify data management tasks in normal flight scenarios.

This subcontract work was performed by personnel of the Training Program
Development Division who are routinely engaged in analysis of procedures

and development of programs to train pilots in all aspects of air carrier
flight operations.

2.1 DEVELOPMENT OF THE DATA BASE

At the outset of the project it was decided that the data base would
e.JC reflect the data management tasks performed in one specific type of air-

craft rather than a composite of tasks performed in a number of aircraft
types. Development of a composite data management task inventory would
have necessitated subjective compromise and would have resulted in an
artificial data base that would be difficult to validate.

United Airlines operates 319 total aircraft of five types: B-727,
B-737, B-747, DC-B, and DC-10. The DC-l0 was selected from this group.
It is a mature aircraft; in general use by a large number of airlines; and
is equipped with some of the newer systems, such as inertial navigation,
auto-throttle, and advanced flight management systems not available in any
other United Airlines aircraft except the B-747. The DC-l0 is used on

* intermediate-length route segments, whereas the B-747 is almost exclu-
sively used on longer-route segments. The Un.-Ited Ai lines personnel
selected for participation in the study were _ixper-* nced in DC-10 systems

2-1
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and procedures. DC-l0 simulators were available for investigation and
validation of data points, and DC-l0 flights from Denver were conveniently
scheduled so that cockpit observations could be conducted without requir-
ing overnight trips by the project personnel.

The data management data base (see the Appendix) uses a Denver to
Chicago DC-l0 flight as the scenario vehicle. United Airlines Flight 280
of 15 July 1982 was selected as the specific scenario flight; and the
fliaht plan, weather briefing, load manifest, flight crew, and event time
of this flight are identifiable in the data base. The data base is not
wholly built from the activities of this one flight on this specific
date. More than 30 flights were flown by observers from both United Air-
lines and ARINC Research to develop performance times for various data
management tasks. These observations were made on United Airlines flights
covering at least 12 different center areas. Some flights were made
aboard B-727 and DC-a aircraft to provide a basis for comparing the DC-l0
data with other aircraft operating procedures. The collection of data

* over several flights permitted the insertion of procedures that did not
specifically occur on the scenario date. One of these procedures was the

* setup of the inertial navigation system (INS) for a direct clearance from
an en-route position. The scenario flight did include a deviation for

* weather; but it did not include any emergency procedures.

Emergency procedures and event times were developed in the United
Airlines DC-10 simulator. The majority of the event-duration times were

* developed from observation of flight crew performance during recurrent
training and periodic proficiency checks. Once the specific terminal area
emergency scenarios were selected, they were flown in the DC-l0 simulator

* to confirm that the times observed during the crew training sessions were
reasonable. Each action was numbered sequentially in the order in which

* they were initiated in the scenario. A total of 2,779 actions were iden-
tified. Each act.,ja start time, end time, duration, -and action level by
each crew member is recorded in the data base.

-2.2 ESTABLISHMENT OF BASELINE TASK LOADING

During the collection of the performance times that constitute the
data base, the activities of each crew member were timed, providing a pro-
file of activities for each minute of the scenario flight. For each
activity, each crew member's participation was subjectively classified on

- a 6-point activity-level scale as shown in Figure 2-1.

I The basic level of activity encompasses the basic activity of any
crew member -- that of maintaining situational awareness and performing

* low-level planning for routine future activities. This level of activity
* may best be illustrated as the en-route situation on a smooth, cloudless

* day when the aircraft is on auto-pilot and there are no impending course
* or a~titude changes.

* 2-2
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FIGURE 2-1

ACTIVITY-LEVEL MEASURES

The next level shown in Figure 2-1 encompasses the crew coordination
responsibilities inherent in the captain's job. In addition to general
situational awareness, the captain must be aware of the individual actions
of each of the other crew members and plan coordination of upcoming crew
tasks. While this activity is designated as the captain's responsibility
in Figure 2-1, it actually evolves in large measure on the pilot flying;
and when the co-pilot is actually flying the airplane, both pilots may be
engaged in this activity. The pilot flying is defined as the pilot
actually manipulating the controls and making the takeoff or landing.
Normal airline procedure is to rotate the pilot-flying role between the
captain and first officer on successive legs of a flight or series of
flights on one day.

The third level shown in Figure 2-1 represents the physical activity
associated with information-related tasks. This activity includes setting
in radio frequencies when directed, adjusting system controls when an
instrument indicates an unsatisfactory condition or a change is required,
or performing an action as required by a check list.

The fourth level of activity shown in Figure 2-1 requires self-

S7,itiatei a-ctivity t-at ro t " C , - - -Fany policy, flight manual proce-
dures, or the captain's crew briefing. It includes the initiation of an
out, off, on, or in report by the second officer as required by company

2-3
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policy, the recording of engine readings at the flight midpoint, or tne

transfer of gate information to the cabin attendants at a specified time
before expected arrival.

The fifth level of activity is the exchange of information between

the flight crew members and the confirmation of that information. These
exchanges may be oral, written, or both. Examples of oral exchanges are
the setup and confirmation of INS waypoints between the pilots. The prep-
aration by the second officer and delivery to the piiots of tne lancing

data card is an example of written information exchange. Frequently the

;:!ivery of the landing data card will be accompanied by a briefing of the
terminal weather given by the second officer.

'l sixth level of activity shown in Figu±e - is system monitoL-
ing. The tasks of system monitoring are divided among the flight crew
members with each having a primary area of monitoring responsibility. For

example, the second officer has primary responsibility for monitoring
fuel, hydraulics, environmental, and electrical systems. The pilot flying
has primary responsibility for monitoring aircraft attitude, speed, alti-

tude, and track information. The pilot not flying usually monitors the
power systems and air traffic control.

The six activity levels shown in Figure 2-1 are not progressive in
nature. While each crew member is usually engaged in the first level of

; "activity, he does not have to be engaged in level 2 or level 3 activity

before engaging in level 4 activity. Therefore, each crew member's

activity at any given moment is determined by the number of activities he

is involved in. A crew member may be active in as many as six levels at
. %- one time.

.. . A numerical activity-level total was developed for each new member

for each minute of the scenario. This activity level was determined by
counting the number of activity levels the crewman was performing each

second and then totaling the count within each one-minute interval. This
total was divided by 60 to give the average task loading for that minute.

A task-loading profile was developed for eacl. crew-member for each

minute of the scenario. Total crew task loading was developed by adding
the individual crew task loadings for each minute. Examples of both

ind4vidual and total crew task loadings are snown in Figure 2-2.

2.3 IDENTIFICATION AND CHARACTERIZATION OF NEW SYSTEMS

Four new systems weie uzt - tv ex=rcis" L1t, Iatu r:u:,dyme!L -
ments algorithm -- the Microwave Landing System (MLS), the Traffic Alert

and Collision Avoidance System (TCAS), the Mode-S data link, and the Four-
Dimensional Area Navigation System (4D RNAV). These systems were chosen

.uecause of the maturity of their level of development and the expected
pnasing of tneir introduction into tne NAS.

v-
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The MLS is a mature developmental system and is in the initial

deployment phase. It is currently used for only straight-in approaches.
Therefore, the data management tasks of the system are relatively well

defined. The effect of the system on cockpit tasks is quite similar to
, the effect of the current ILS; therefore, measurement of ILS tasks and its

data management tasks are easily transferable to the MLS.

The TCAS does not have a predecessor system that performs a similar
functi-in. TCAS development has reached the point where engineering sys-
tems have been flown aboard test aircraft and a generic simulation of the
system has been flown in operational airline simulators. Therefore, the

best task-loading data available were used to arrive at TCAS task loadings
for the scenario.

The Mode-S data link is a new development that has had limited opera-
tional assessment. The role of the Mode-S data link and its implementa-

tion in the cockpit have not been defined. The Mode-S is a good example

of the type of system this study envisions as a subject for evaluation
using the data management algorithm. For this study, the role of the
Mode-S data link was defined as clearance delivery and acknowledgment,
control handoff, and terminal weather and information service. The crew

action times for the Mode-S data link were developed from observations of
action times required to transmit messages via the ARINC Communications
Addressing and Report System (ACARS). ACARS is a privately owned air-
ground data link service used for company communications by the air

transport industry. The United Airlines DC-10 fleet is equipped with
ACARS, and the effects of its use were observed aboard the data collection
flights.

The application of 4D RNAV represents a capability growth of current
area navigation systems and flight management systems. Most of the func-

tions of 4D RNAV are available from various vendors aboard the Lockheed
L-1011-500 and Airbus A-310 aircraft. For this study the tasks required
by 4D RNAV were developed from the L-1011-500 flight management system

familiarization manual and the A-310 flight management system proposed by

Sperry. Times for data entry actions were based on times observed in
flight for data entry into the INS.

2.4 IDENTIFICATION OF AREAS SUBJECT TO EXPERIMENTATION

The baseline scenario was modified to delete current actions that

wo:ld be performed by the new systems and to add the actions that would be

required by the new system. New task-loading profiles were developed for
r i'y secticns of the scenario and compare, w.th the "

of the baseline scenario. When the new task-loading profile was no higher
for any crew member or for total crew task loading, the system was con-

sidered acceptable from a crew task-loading standpoint. When any crew

member or the total crew experienced a higher task loading with the new
system, the system was identified as one for which the effect on flight

crew task loading should be examined through further experimentation.
This technique does not define the cause of higher task loading nor does

2-6
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svllm T;hcse are all topics that should be explored in a separate

* experamnertal program.
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CHAPTER THREE

THE DATA BASE

Tnis chapter describes the organization and features of the data
base, which is not currently computerized. However, the data base was
prepared with the objective of eventually using a computer to evaluate new

systems and different implementations of new systems on flight crew data
management tasks. While it was not developed to perform a failure mode
and effects analysis, it could be useful in an examination of the effects
of system failures on the flight crew task loading.

The data base uses the scenario of a United Airlines DC-10 flight

from Denver (DEN) to Chicago (ORD). It follows through on all data gen-
erated for the flight crew, by the flight crew, and exchanged among the
flight crew members for this flight. It includes initial planning data
generated from the company master flight record (flight number, departure
city and time, arrival city and time, and equipment). The data base iden-
tifies data stored in the United Airlines computer system, including the

.41 Automated Flight Plan and Monitoring (AFPAM), Crew Management System

(CWS), Automatea Weight and Balance (AWB), and Flight Information Control-
ler (FIC) systems. These systems, plus the United Airlines maintenance
computer and United Airlines passenger reservation computer system, are
tied together in a master system (UNIMATIC) that- has access to non-United
computer systems such as the Weather Service and NOAA. The UNIMATIC man-
ages the preparation of the flight plan, computation of the aircraft
.weg.t and balance, and monitors the progress of the flight through out,

off, on, and in (0001) reports received from the aircraft via ACARS.

The data base is organized into 22 sections as follows:

i- ntial Planning

! - Fiignt Crew Preflight Briefing

' "- Airplane Condition

..-. - Second Officer Preliminary Cockpit Preparations

- Exterior Inspection

- Second Officer Cockpit Preparation

3-1
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% Takeoff Data Card Preparation

-Captain's Cabin Crew Briefing

-Captain's Cockpit Preparation

-First Officer's Cockpit Preparation

-Before Start Check List

-Engine Start and Push Back

-After Start and Taxi

- Before Takeoff Check List

- Takeoff

- After Takeoff Check List

- Climb

- Cruise

- Landing Data Preparation

- Approach Descent

- Final Approach and Landing

- Taxi In and Park

The scenario is time-sequenced and lists each data item, its source,

and its use. Voice communications among crew members and between the air-
craft and the ground are indicated. An example of the scenario detail is
shown in Figure 3-1.

The data items or actions indicated in the scenario are numbered se-
quentially by starting time. The item, its starting time, end time, dura-
tion, and the action level of each crew member are defined for each item.
Figure 3-2 gives an example of the data item listings with assigned action
level for the same time period of the scenario shown in Figure 3-1.

The assignment of an action level for each crew member is made on the
basis of observations during several data collection flights and simula-
tion sessions. While assignment of the action level is largely subjec-
tive, the observers used the activity levels shown in Figure 2-1 as their
measures. The observer personnel were familiar with DC-10 flight opera-
tions and with techniques for evaluation of flight crew performance.

Action levels of individual crew members were defined for each minute
of the scenario flight. Total crew-action level was determined by adding
the action levels of the individual crew members. The resulting action

4 3-2
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levels were plotted over the scenario time as illustrated in Figures 3-3
and 3-4. The upper portions of Figures 3-3 and 3-4 show the flight alti-
tude and navigation fixes, and the aircraft track information and naviaa-
tion fixes, respectively.

The examples shown were selected from the cruise segment of the sce-
nario and show a fairly constant level of activity. In this case the cap-
tain is the pilot flying and his slightly higher action level reflects the

-°. ...%. .. . . .

nurn.er of data sources monitored while performing that duty. Thp i;n-
creased activity of the second officer, which starts at 1445, reflects the

* action taken in obtaining weather data from flight watch.

* This technique permits easy identification of the activity effect of
the tasks associated with the operation of any system. For exarp , t.C.
actions identified with ATC communications in Figure 3-2 are items 1945
through 1958. For example, during the evaluation of an ATC data link,
those items would be deleted from the crew action list and would be re-
placed by the actions the crew would perform with the new data link sys-
tem. A new crew action profile would be developed to reflect the new sys-
tem, and the differences between the ld profile and new profile would
provide an indication of the expected effect of the new system. Obvi-

Seously, the more detailed the data on the design and operation of the new
system, the more valid the comparison would be.
ac3-t
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CHAPTER FOUR

EFFECT OF NEW SYSTEMS ON DATA MANAGEM4ENT

Four new systems were examined to provide examples of the operation
of the data management assessment algorithm:

- Microwave Landing System (MLS)

- Traffic Alert and Collision Avoidance System (TCAS)

-Mode-S Data Link

-Four-Dimensional Area Navigation (4D RNAV)

These systems were chosen because of the expected range of their effect on
data management tasks performed by flight crews flying current-technology
aircraft and their relative stage of development and maturity.

-.-

V .

* 4.1 MICROWAVE LANDING SYSTEM~

The MLS program is well along in its development, with MLS equipment
* now being flown in limited operations at selected airports.* The MLS role
* is defined; it is expected to replace the current Instrument Landing Sys-

tem (ILS) as the primary precision approach and landing system within the
NAS. Initial stages of the transition from ILS to MLS will include the
installation of both systems on the same runway, with virtually identical

* procedures for both systems. Therefore, MLS cockpit procedures will be
almost identical to ILS procedures. In the evaluation of ML data manage-
ment tasks, only one additional task is expected by using MLS, i.e., set-
ting of the glide slope angle at the same time the final approach course
selector is set. Table 4-1 lists the data item and actions associated
with setting up an MLS for approach to Runway 14R at Chicago O'Hare air-
port. The first three data items, numbered to correspond with ILS items
in the data base, are identical to ILS items. Item 2394A indicates the
additional action required to enter the glide slope angle into the MLS
recei.ver system. When we assume no change from current navigation

* *In April 1983, the FAA requested proposals for procurement of 172 micro-

wave landing systems over a five-year period.
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instrumentation, the MLS flight procedures are identical to current ILS
flight procedures and therefore would not require evaluation for their
effect on flight crew data management tasks.

When an aircraft is equipped with a 3D or 4D navigation system, the
setup of final course and glide slope angle would be done for MLS just as
is currently done by such systems for ILS. Because of its close simi-
larity to data management requirements for ILS, the effect of MLS can
fairly confidently be estimated as presenting little change from current
requirements. The addition of the glide slope selection requirement adds
less than one-half unit to the total crew action level for the minute in
which it falls. Therefore, implementation of MLS would have a negligible

impact on the total tlight crew data management task.

4.2 TRAFFIC ALERT AND COLLISION AVOIDANCE SYSTEM (TCAS)

The TCAS is a new system and is still being developed. It is not
designed as a replacement for any current system. Rather, it will enhance
flight safety by automatically detecting dangerous proximity of two air-
craft. The system will automatically identify situations threatening po-
tential'collisions and develop an escape maneuver that the flight crew
must promptly execute to ensure safe passage.

The TCAS development program has progressed to the point where suf-
ficient cockpit simulations and flight tests have been conducted to
develop a reasonable set of data items and actions. In addition, suffi-
cient operational data have been collected to provide an understanding of
the expected frequency of occurrence of TCAS advisories and an understand-
ing of the phases of flight in which the advisories will likely occur.
The operational flight tests also developed average durations for the
advisories.*

Since the TCAS does not replace any existing aircraft system, the
data items and actions of the flight crew were compiled in a separate file
so that data actions and actions could be added to the basic scenario at
any point and with any frequency desired. The data items and action
levels are listed in Table 4-2. The TCAS activity levels are plotted in

Figure 4-1.

Inasmuch as the TCAS advisory can occur at any time in the flight,
which most often occurs during the high activity terminal phase of the
flight, the TCAS action levels were added to those in the baseline for the
apprr.ach phase of the scenario. The resulting activity levels are shown
in Figure 4-2. It is clear that the TCAS increases the flight crew data
management activity above the baseline level. Therefore, the integration
of TCAS into the aircraft will require further experimentation to deter-
mine the least disruptive method for adding these tasks.

S DOT/FAA/RD-82-90, T. P. Berry and R. D. Brock, In-Service Evaluation
of the Dalmo Victor Active Beacon Collision Avoidance System (BCAS/TCAS),
October 1982.
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4.3 MODE-S DATA LINK

The use of a data link to replace current voice communications with

Air Traffic Control is possible with the introduction of the Mode-S sec-

ondary surveillance radar system. This system incorporates discretely
addressable data link capability not available with the current Air Traf-
fic Control Radar Beacon System (ATCRBS). While the message structures

and protocols for the Mode-S data link have been defined, the exact serv-
ices to be accessible to the Mode-S-equipped aircraft have not. The
Mode-S data entry and readout device design has not been defined and may
have no single design common to all installations. For purposes of this
study, it was assumed that the Mode-S control display unit (CDU) would be
similar to a full alphanumeric keyboard CDU such as the one used for a
flight management system by Sperry or Smiths Industries. In fact, one
possible implementation of Mode-S data link service might share the use of

such a CDU for both systems -- data link and flight management. Other
installation designs might include a printer for hard copy of selected

messages or electronic storage for selected messages such as weather,
clearance, or advisories.

This study examined the data items and actions for three data link

services:

- Control Handoff

- Clearance Delivery

- Terminal Weather and Information

4.3.1 Control Handoff

En-route control could be handed off by using the steps shown in
Table 4-3. Those items are keyed to the control handoff listed in data
items 1497 through 1504 in the baseline data (see Appendix). In this case

there are two data items deleted and one item added. In addition, the

action levels of the three crew members may be different from the action
levels recorded in the baseline scenario. The net result in this case is

a slight reduction in the total level of data management for this task.

-4.3.2 Clearance Delivery

A reliable data link will permit better delivery of clearances from

ATC to the aircraft. While current voice communications exhibit high
availability, it permits misunderstanding by the flight crew or the con-
troller. Automatically transmitted messages, transmitted over error-
detecting and -correcting data links, have many fewer undetected errors.
Thus clearance delivery is a natural candidate for the Mode-S data link.

Table 4-4 shows the data items and actions applicable for a data-

link-delivered en-route clearance. The data link requires approximately
the same number of actions as voice communications, but the data link
might require levels of different action from those associated with voice

communications.
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4.3.3 Terminal Weather and Information

Delivery of weather and related information is another good candidate
for data link service. This type of service is different from clearance
delivery and control handoffs inasmuch as the communications change is
initiated by the flight crew. In the example shown in Table 4-5, the re-
sponsible crew member, the second officer in this case, must initiate a
message in much the same manner as currently initiated for a voice com-
munication. Because the Mode-S data link operates on a fixed frequency,
it will not be necessary for the second officer to look up and tune the
Automatic Terminal Information Service (ATIS) frequency. He must,
however, select the type of message he would like to send from among the
limited number of preformatted message types. This is done by selecting
from.a message menu. In addition to selecting the type of message, the
second officer must enter the identification of the location for which
information is required.

When the ATIS information is received, it must be recorded in some
manner. Currently, pilots may write the ATIS information on scrap paper,
directly on a landing data card, or on a flight progress form of some
kind. The ATIS information is continuously repeated, permitting the pilot
to copy it and review that copy on a subsequent repetition of the ATIS.

With a data link system the pilot could write the displayed message
on paper, store the message in electronic memory, or print the message, if
the system is equipped with a printer. For this study it was assumed that

the system was equipped with a printer. The addition of a printer to a
data link-equipped aircraft is consistent with current installation of the
ARINC Communications and Reporting System (ACARS). ACARS is a VHF data
link used for company communications by several airlines. While the sys-
tem does not require a printer, many users of the system have chosen to
include a printer in their ACARS installation so that the crew can retain
a hard copy of any message. ACARS printers are currently being used to
deliver weather information, connection gate information, weight and

e., balance data, and other similar messages.

The use of a data link for an aircraft-initiated message, as shown in

Table 4-5, may require more action to initiate than is now required by a
voice contact; however, the use of a printer requires less concentration

ON than copying the automatic ATIS message and should result in fewer unde-
tectedi errors.

One possible implementation of ATIS information delivery via Mode-S
data link that was not included in this scenario is the automatic delivery
of ATIS to aircraft when the ATIS content changes after it is requested.
Thus, when an aircraft requests ATIS information for a specific location,
the Mode-S system would enter that aircraft's address into a file of air-
craft that need ATIS information for that location. As long as the air-
craft continues to be tracked by the Mode-S system, it would remain in
that file. Whenever the ATIS information changed, it could be auto-
matically delivered to all aircraft listed in that file. Thus, a flight

4-10
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crew would always have the latest ATIS information and could also keep
* current weather information at their alternate airport in the same

manner. Other automatic delivery schemes are also available.

4.3.4 Four-Dimensional Area Navigation (4D RNAV)

* 40 RNAV systems provide navigation guidance to position the aircraft

over a specific paint, at a specific altitude, at a specific speed, at a
specific time. Current flight management systems permit navigation to
specific points, at a specific altitude, and at a specific speed. Current
systems do not adjust the flight path so that the aircraft will arrive at
the point at a specific time.* Most current flight management systems
will compute speeds and vertical profiles to meet such objectives as

economy cruise, long-range cruise, best rate of climb, best angle of
* climb, or economy climb. Such profiles are automatically computed by the

flight management system on the basis of weight, temperature, winds, and

The data management requirements for a 4D RNAV or flight management
system (FMS) are significant. Many of the data requirements for the sys-
tem are met by permanent storage of fixed data such as performance curves,
fuel con~sumption curves, speed/configuration limits, and control algo-
rithms. Other data, such as airway routes, approach procedures, and way-
point descriptions, change on a cyclic basis. These data are usually
automatically loaded from some type of transportable data storage medium
such as a tape cassette or data diskette. Normally, the flight crew is
not engaged in loading of the data, but they are responsible for checking
to determine that the current data package is loaded.

Some data must be entered at the time of the calculation, including
designation of the flight route and altitude, fuel data, weight and
balance data, flight plan times, and selection of performance options.

A set of data management tasks associated with en-route use of a
40 RNAV or flHS is shown in Table 4-6. These tasks are based on those used
in currently available F?4S equipment and illustrate the entry of a direct
route using INS as the navigation system. These tasks compare with the
baseline scenario tasks associated with an en-route use of an INS system
for a direct clearance as shown in task items 1810 through 1858. A task-
loading profile is shown in Figure 4-3 The use of a 4D RNAV or FM4S for
this type of situation adds little to the flight crew data management
tasks. The data management tasks associated with 4D RNAV can be signifi-
cant, but their effect on the flight crew is largely a matter of the tech-

mA niques used in implementation of the system. Therefore, each application
of these systems should be examined for their effect on data management.

*In April 1983 the FAA granted certification to Lockheed for a 4D flight
management system that adds the time dimension to normal navigational,
vertical profile, and speed control functions.
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CHAPTER FIVE

CONCLUSIONS

A profile, based on crew action levels, appears to be quite useful in
estimating the effect of future systems on the data management tasks of
the flight crew. This study concentrated on the development of the base-
line data and scenario and examined four new systems to demonstrate the
operation of the technique. The data base was not computerized, but it
was constructed to permit computerization. The new systems were evaluated.
manually.

Four new systems were used to exercise the data management require-
ments algorithm -- the Microwave Landing System (M.LS), the Traffic Alert
and Collision Avoidance System (TCAS), the Mode-S data link, and the Four-
Dimensional Area Navigation System (4D RNAV). These systems were chosen
because of the maturity of their level of development and the expected
phasing of their introduction into the NAS.

* 5.1 SYSTEMS EXAMINED

* Four types of new systems were evaluated:

-A system that replaces a current system and provides largely tech-
nological improvements with few changes in operation. The Micro-
wave Landing System was chosen to illustrate this type of system,
because it is operationally similar to the instrument landing sys-
tem it will replace.

-A system that provides a service that was not currently available
to the flight crew. The Traffic Alert and Collision Avoidance
System was chosen to illustrate this type of system.

-A system that is functionally similar to current systems but is

0 piannea tor a new application. The Mode-S data link was chosen to

illustrate this type of system, because it is functionally similar
to the ARINC Communications and Reporting System (ACARS) currently
used by some airlines for company communications. The new appli-
cations of this data link can include automated delivery of
weather information, clearances, and control handoffs.

i,-
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-A system that extends capabilities found in current systems. The
* Four-Dimensional Area Navigation System was chosen to illustrate

rent area navigati'on and flight management systems to permit pre-
cise four-dimensional positioning of aircraft by the flight crew.

5.2 CONSIDERATIONS

During the evaluation of the new systems it became apparent that as
* - the data management tasks of the new systems are better defined, the tasks

on flight crew action levels can be better estimated. The MLS is ready
for operational implementation; therefore, its tasks are relatively well
defined. The TCAS has been subjected to extensive flight and flight si-mu-
lation operational testing, and the data management tasks are largely
apparent.

The other two systems, Mode-S data link and 4D RNAV, illustrate sys-
tems whose operational implementation is not yet well defined. In fact,

* -the current RNAV and flight management systems show some significantly
wide variations in data management tasks. Those variations are related to
the number of services provided by the systems and the degree of integra-
tion of the system with other systems aboard the aircraft. Therefore,
these two systems appear to represent types of systems that do not lend
themselves to assessment of data management tasks by category. Instead,
these systems illustrate the type of systems for which each application of
the system (by aircraft, system manufacturer, and airline operator) should

* be separately evaluated.

5.3 LESSONS LEARNED

The development of the data base and scenario and evaluation of data
base management tasks associated with four new systems provided enough
experience to establish some basic guidelines, as addressed in the
following paragraphs.

The baseline data base should be restricted to normal operating pro-
cedures. Thus data management tasks arising from aircraft emergencies,
changes in flight procedures, introduction of new systems, and removal of

* . existing systems can all be evaluated with the same algorithm and can be
directly compared.

As data management tasks of new systems are better defined, the
easier the evaluation of their effect on the flight crew can be evalu-
ated. We found tnat the MLS was much easier to evaluate than the Mode-S

* data link. Once a system is evaluated with this technique, it should oe
* . reevaluated when its design changes or new capabilities or functions are

added to it.

5-2



The personnel who prepare the data management items or actions for
new systems should be experienced in current flight procedures and the
functions, capabilities, and proposed implementation concept of the new
system. Pictuires, diagrams, mockups, and actual copies of the data entry
and display hardware assist in analyzing the tasks associated with enter-
ing and using the data required by or delivered by the system. Personnel
who develop tnese items or actions must know what data are required by the

- - system, where the crew obtains the data, what data are produced by the
system, and what the data are used for. The process of developing the
action levels is subjective, and the results of the algorithm are sensi-
tive to the quality of the understanding of these factors by the personnel
conducting the study.

5.4 RESULTS

T"he concept of laying data management tasks associated with new sys-
tems over a baseline of data management tasks now performed in current
aircraft is a useful method for making a first-level judgment of the
effect of new systems on the flight crew. The concept accommodates all
types of new systems -- those which replace current systems, those which
add new 'capabilities to existing systems, those which extend the functions
of current systems to new applications, and those which provide new capa-
bilities to the aircraft or crew.

An analysis of the expected effect of new systems on flight crew data
management tasks requires personnel familiar with both flight operations

* and the requirements and functions of the new system. This concept does
not define acceptability or usefulness of a net. system to the flight crew

- .nor the effect of the system on the other sections of the NAS. It does
provide an easily employed technique for selecting systems for further

- . experimentation in which usefulness or safety may be traded off against
tne-i effects on crew data management. It also provides a technique by
whicr. cordnunations of new systems may be evaluated to determine if the
combination has less of an impact than either of tr~e systems alone.
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APPENDIX

BASELINE DATA FOR COCKPIT DATA
1MANAGEMENT TASKS

T::is appendix reproduces information prepared by United Airlines and
presents the baseline data for cockpit data management tasks collected

from in-flight task and time observations made on United Airlines Flight

280 between Denver, Colorado, and Chicago, Illinois. Data on flight plan-
ning, weather, weight and load, and crew names represent those used on the

flight of 15 July 1982. All task and action data and elapsed times repre-

sent an averaging of these items over a three-month period of in-flight
observation.

The annexes to this appendix represent data items and times for

various emergency situations. Annex A shows the effect of hydraulic and
flight control malfunction and Annex B presents the effect of engine
failure due to fire. Times and data items for these conditions were

developed in a United Airlines DC-10 flight simulator. The pages of the
annexes are numbered to indicate which pages of the baseline data base are
replaced (e.g., page 94 is replaced with pages 94A through 94U in Annex A)

to develop a flight scenario that includes the specific malfunction.
Flight crew task-loading profiles showing the action levels caused by the

- .malfunction are included in each annex.
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